In this experiment, sub1A quantitative trait loci (sub1A QTL) of rice were evaluated for dehydration responses through different aspects of cellular responses. Through variations of dehydration exposure, rice seedlings recorded a significant increase in superoxide (O2.
Introduction
In reaction to submergence stress, few rice genotypes have the unique ability to sustain under partial to complete inundation for variable periods of time. This is exhibited by a few landraces like FR13A, FR13B that show the ability to withstand hypoxic / anoxic condition and its post period effects by different mechanisms (1) . In the course of developmental events, synthesis of air spaces in cortical zone of roots, accumulation of more lignin residues in the apoplastic spaces, diffusibility of oxygen through plasmodesmata and at cellular level, opening of calcium channels are the fine observations for their tolerance (2) . Overexpression of few compatible solutes may resist, the water deficit due to poor root hydraulic conductivity of rice cultivars under submergence (3) . The most determining factor in declaring a rice gentoype submergence tolerance is its capacity to handle post submergence stress. This includes oxygenic tension and intense irradiance when plants encounter when water level recedes. The oxidative burst under post submergence is the more common of the two. When water level recedes there may be an abrupt oxygenic exposure to submerged de-chlorophyllous tissues. In fact, a hastened senescence is the typical physiological response under de-submerged condition. Reactive oxygen species (ROS) cause oxidation of thiol groups and loss of tolerance (4) . Rice cultivars vary with respect to submergence tolerance and their ability to prevent such induced senescence. It has been observed that sub1A QTL possessing landrace, cv. Swarna Sub1 can be sensitized with elevated redox related stress responses of inundation (5) . It is an inherent character of landraces possessing sub1A QTL like elements to realize adequate growth and yield under varying depths of submergence. The rain-fed areas for rice cultivation are affected sequentially by both of flooding (specially flash flood) and soil moisture deficit / drought condition (flooding followed by dehydration in land and vice versa). Tolerance to consecutive submergence and drought stress may substantially gear up sustainability and productivity in rain-fed and low land fallows. This was clearly evident in cv. FR13A which is often affected by drought stress. FR13A is the donor of the sub1A traits to Swarna and therefore, sensitivity of cv. Swarna Sub1 to water stress needs to be explored (6) . The purpose of the present experiment is to evaluate the cellular responses of the sub1A QTL in modules of osmotic stress by monitoring varying paths of antioxidation. The objective of the study was to document the response of, landraces of rice possessing the sub1A QTL, to delayed or erratic rainfall pattern. Biochemical Analysis: For the biochemical analysis the followings parameters were estimated using standard protocols. Three plants from each set of replication under control and treatment were randomly chosen for testing the parameters.
Materials and Methods

Germination of seedlings
Superoxide (O2.
-) content: The plant tissue was crushed with 65 mM phosphate buffer (pH 7.8) under cold condition and the homogenate was collected by centrifugation at 8,000 xg for 30 min at 4°C. The assay mixture of 3 ml solution with 65 mM phosphate buffer (pH 6.8), 10 mM hydroxylamine and 100 µl supernatant was incubated at room temperature for 30 min. To the solution, 10 mM sulphanilamide with 7 mM α-napthyl amine was added and kept under dark for sufficient time.
With the help of a UV/VIS spectrophotometer (Cecil, CE7200), the OD was recorded at 530 nm and plotted using NO2 -as standard according to Elstner and Heupel (1976) (8) .
Hydrogen peroxide (H2O2) content: H2O2 content was determined by crushing the 500 mg of tissue with 2 ml of 1% (W/V) trichloro acetic acid (TCA) solution. The homogenate was centrifuged at 10,000 xg for 15 min at 4°C. The supernatant was treated with 10 mM potassium phosphate buffer (pH 7) and saturated solution of 1 mM potassium iodide (KI). After 20 min of incubation in the dark, the OD was taken at 390 nm using H2O2 as standard (9).
NADP(H) oxidase activity:
The sample was homogenized in 50 mM potassium phosphate buffer (pH 6.5) containing 1% (W/V) polyvinyl pyrrolidone (PVP), 0.2 mM EDTA, 0.1% triton, 0.1% DTT, 1% leupeptine, 5 mM ascorbate and 0.1% BSA (bovine serum albumin). The homogenate was centrifuged at 10,000 xg at 4°C for 20 min. The supernatant was extracted with 80% ammonium sulphate precipitation followed by purification through specific buffer containing 65 mM phosphate buffer (pH 7.8), 0.1% BSA, 0.1% SDS. The purified material was quantified with Lowry's reagent for total protein content. The activity of NADP(H) oxidase (E.C. 1.11.1.1) was done in an assay mixture of 30 mM sodium acetate buffer (pH 7.5), 0.1 mM DTT, 0.1 mM p-coumaric acid, 0.05 mM NADP(H), 5 mM MnCl2 and 50 µg of enzyme protein. The fall in OD at 340 nm was recorded through 1 min. 1 unit (U) of enzyme activity was considered for oxidation of NAD(P)H with extinction co-efficient (6. (11) . Homogenized leaf material was extracted with 10% TCA containing 0.5% TBA with centrifugation at 12,000 xg, 4°C for 30 min. The whole mixture was allowed to heat up to 95°C for 30 min followed by cooling on ice bath. The absorbance was read at 532 nm and 600 nm in a UV-VIS spectrophotometer. The MDA concentration was calculated by using the formula below:
A532-A600 = εCL Phosphomolybdenum assay: For phosphomolybdenum assay 50 µl of methanolic extract was incubated in 1 ml of reagent solution (0.6 M H2SO4, 28 mM sodium phosphate and 4 mM ammonium molybdate). The reaction mixture was agitated on thermal block at 95°C for 90 min and cooled to room temperature. The absorbance of the upper aqueous phase was separated and measured at 820 nm against a blank without extract for calculating the reducing activity (15) .
Assay of reducing power:
The reducing power was estimated (15) by incubating the alcoholic leaf extract in a mixture of 2 ml of 0.2 M phosphate buffer (pH 6.6) and 2.5 ml of 1% potassium ferricyanide (10 mg/ml). The mixture was incubated at 50°C for 20 min, cooled and deproteinised with 2.5 ml of 10% cold trichloroacetic acid (TCA) solution. The supernatant was collected following centrifugation at 8,000 xg for 10 min. Two and a half ml of supernatant was equally diluted by double distilled autoclaved water and allowed to develop color by 0.5 ml of 0.1% ferric chloride. The absorbance was read at 700 nm.
Total phenolic content: Total phenolics were extracted from ethanolic extract of the sample by centrifugation at 10,000 xg for 15 min at 4°C. An aliquot of 0.5 ml supernatantwas reacted with 5 times diluted Folin-Ciocalteu reagent following addition of 20% sodium carbonate. The mixture was incubated in a boiling water bath for 1 min, cooled and the absorbance was read at 650 nm. Gallic acid was taken as standard to determine total phenolic content (16).
Total flavonoid content:
From the ethanolic extract of the sample the supernatant was reextracted with n-butanol-water (1:1) and concentrated under vacuum at 50°C. The residue was collected and dissolved in 50% ethanol with consecutive addition of 5% sodium nitrite and 10% aluminium nitrite. The reaction was stopped with 1 M sodium hydroxide solution. Using quercetin as standard, the amount of flavonoid was calculated by reading the absorbance at 510 nm after diluting the supernatant with 30% ethanol (17) .
Total anthocyanin content:
The alcoholic leaf extract was diluted with potassium chloride buffer (pH 1.0) and the other with sodium acetate buffer (pH 4.5). On equilibrium for 15 min, the absorbance was read at 510 and 700 nm against a blank. The content of anthocyanin was measured (18) using the formula:
Anthocyanin (A) = (A510 -A700) pH 1.0 -(A510 -A700) pH 4.5
Then the monomeric anthocyanin pigment concentration in the original sample was calculated taking cyaniding-3-glucoside as standard using the following formula: Glutathione activity: The GSH was analyzed (19) by crushing and extracting the plant material with 50 volumes of buffer containing 15 mM Tris-Cl (pH 7.5), 5 mM DTT, 10 mM MgCl2, 1 mM EDTA, 1 mM Mg-acetate and 1% PVP, followed by centrifugation at 15,000 xg for 20 min at 4°C. One mM PMSF and protease inhibitor cocktail was added to the extraction buffer. The reduced GSH content was derived in a reaction of 1 mM phosphate buffer (pH 7), 2 mM EDTA, 2 mM NADP(H) and 20 mM oxidized glutathione. The absorbance was read at 340 nm with kinetics for 2 min. The extinction coefficient of NADP(H) (6.22 mM
) was used to calculate the GSH ratio.
Superoxide dismutase activity: From the same enzyme extract SOD (EC 1.15.1.1) was measured with photo reduction of NBT in 100 mM phosphate buffer (pH 7.0), 100 mM EDTA, 10 mM methionine, 10 mm PMSF, 10 mM MgCl2, 10 mM β-ME, 4% PVP, 75 mM NBT and 1 to 10 µg of enzyme protein. The assay was carried out using 20W fluorescent lamp for 15 min aganist a non-illuminated sample as blank. The absorbance was read at 560 nm (20) and SOD activity was expressed as unit / mg of protein.
Guaiacol peroxidase activity: Activity of GPX (1.11.1.9) was done according to Verma and Dubey (2003) (21). The reaction was carried out with 3 ml of reaction mixture containing 100 mM phosphate buffer (pH 7.5), 10 mM guaiacol, 2 mM H2O2 and 200 µl of enzyme extract. The absorbance was measured at 470 nm at 30 sec intervals to determine the change in absorbance 0.1. The enzyme activity was expressed as unit / g f.wt. 
Statistical analysis:
The data were subjected to analysis of variance coupled with student's t-test (SPSS software IBM, USA). Significance of variance was tested at p ≤ 0.05, p ≤ 0.01 and p ≤ 0.001 levels.
Results
In response to sub1A QTL under soil-moisture dehydration, plant responded well initially for reactive oxygen species in terms of superoxide (O2.
-) and H2O2. The trend of both the ROS was recorded in a stable manner, however, with no changes through days of tolerance. Still, the variations of O2.
content were in the range of 1.58 fold to 2.07 fold (Fig. 1a) . On the other hand content of H2O2 was more upregulated with significant upregulation against control regardless of treatment duration (Fig. 1b) . With regard to ROS development pathways the activity of NADP(H) oxidase was more concomitant with O2.
generation. The activity of NADP(H) oxidase and O2.
were fairly correlated (r = 1.57) regardless of the duration of treatments. The maximum value of oxidase activity as expected was recorded on the 8 th day with 1.29 fold increase over control (Fig.  1c) . Still, sub1A QTL was less responsive under sufficient soil-moisture condition. It was interesting to note that the plants were in tune with ROS mediated degenerative process under dehydration. It was noted that sub1A QTLs becomes more sensitive to oxidation of lipids induced by dehydration and the increase was in linear order. In comparison to control the maximum production of MDA was recorded on the 8 th day with a value that increased by 1.66 fold (Fig. 1d) . The MDA content, however, was significant (p ≤ 0.05) regardless of days of dehydration.
In another module of antioxidation, plants were evaluated in vitro for their antioxidant potential against simulated ROS generating system. With this view cv. Swarna Sub1 has displayed its efficacy under three successive in vitro ROS inducing systems. A significant fall of antioxidation was observed in the order of 50.59 and 60.84% on 4 th and 8 th days of the treatment (Fig. 2a) . Still, the activity of antioxidation as derived from IC50 value was significantly (p ≤ 0.05) higher as compared to the standard antioxidant, BHT. The leaf extract was also tested with another scavenging assay where ABTS was used as ROS inducer and BHT the standard. Interestingly as the plant proceeded through days of dehydration, no significant changes were recorded. Still, the antioxidation capacity could not be overcome under dehydration above a critical value in comparison to the control. On consecutive days of dehydration (2, 4 and 8 days) the decline in activities was 22.86, 30.47 and 46.21% against the control (p ≤ 0.05) (Fig. 2b) . As expected the IC50 values of sub1A QTL regardless of control and treatment have superseded the standard (BHT) for the same. The phosphomolybdenum assay targets the in vivo antioxidant complexes in the tissue extract and estimates total antioxidant capacity of the plant sample. Thus cv. Swarna Sub1 exhibited a good synthesis capacity of total antioxidants which is evident from the linear increase under days of dehydration against control. The ranges of complex formation were 1.05 to 1.16 fold (Fig. 2c) . Finally the plants were evaluated for total non protein thiol content which is equivalent to reducing power of the tissue extract. Though sub1A QTL did not show any significant variation through the treatment durations, however, the reducing power significantly increased over control. The values were in the order of 1.31, 1.19 and 1.44 fold under 2, 4 and 8 days (Fig. 2d) . Still, duration was seen to influence the total reducing power through a declining trend regardless of control and dehydration exposure.
The sub1A QTL recorded significant as well as comparable variation in antioxidizing activities in comparison with stable antioxidants, phenolics and its derivatives. The changes in phenolics content were not significant during initial days of dehydration but got significantly upregulated at 4 and 8 days with the values of 1.05 and 1.08 fold increase over control (Fig. 3a) . Similarly, the plant ISSN: 2348-1900
Horizon e-Publishing Group produced high flavonoid content with maximum rise at prolonged duration of stress (8 days) and that recorded 1.46 fold as compared to earlier days (Fig. 3b) . Anthocyanin accumulation has been established as linked to sub1A QTL, however similar observation could not obtained in the present study. Interestingly anthocyanin had a proportionate downregulation at each of the stress duration. So, the decline against control were recorded as 16.66, 26.66 and 43.75% all through the days of exposure (Fig. 3c) (Fig. 3d) .
Finally the sub1A QTL was evaluated for its antioxidant potential through certain antioxidizing proteins. Inductive responses for dehydration with SOD, GPX and CAT were monitored with their in vitro activities. SOD the first line of defence did not show any significant variation (Fig. 4a) . This shows the induction of SOD was rather stable over stress exposure. Almost a similar trend was recorded but with decreasing order in a linear manner for GPX activity through the days of dehydration. On the other hand the maximum fall in activity (60.71%) was recorded at the 8th day (Fig. 4b) . It is more interesting to note that sub1A QTL had comparable trend of lysis as that of H2O2 by CAT regardless of control and dehydration. The CAT activity was downregulated for each day of dehydration, however, not significant compared to control (Fig.  4c) .
Discussion
The present study establishes the generic behaviour of cv. Swarna Sub1 when it encounters the sequential dehydration on consecutive days and scored its better performances to withstand the cellular dehydration. Undoubtedly in rain-fed or kharif condition, rice cultivars are vulnerable to the sequential appearance of submergence followed by dehydration (vice versa) due to flash flood or/and drought . The semi dwarf low land varieties, which occupy nearly 15 Mha of rice fallows in South East Asia, have to put up with the adverse effects (22). On the other hand cv. Swarna Sub1 is able to continue its sustenance under completely submerged condition for more than 15 days, however, was badly affected on desubmergence. Therefore, transition of oxygen concentration from hypoxic / anoxic to hyperoxic is the key factor for the survival. Similar to cv. Swarna Sub1, few rice genotypes possessing the sub1A like elements are quite sensitive under varying soil moisture condition when exposed to dehydration (23). Therefore, the pattern of cellular responses of cv. Swarna Sub1 under dehydration may be expected to justify the drought tolerance of these genotypes. dehydration. The gradual increase of both the ROS is quite expected and to counter this effect plants are also tolerant to the default pathways for antioxidation. Reactive oxygen species mostly O2.
and its consecutive conversion of H2O2 may have two impacts: H2O2 within threshold limit would be a secondary messenger and beyond the level function as free radical or ROS. Rice varieties with varying degrees of H2O2 accumulation under drought condition have been reported as initial biomarker for cellular antioxidation (24) . Still, the chemical conversion of H2O2 leading to OH -can be attributed to biomolecules like proteins and nucleic acid degeneration. Cultivar Swarna Sub1 has also been reported to stabilize the diffusion of H2O2 when it is transferred from anoxic to hyperoxic condition upon de-submergence. Therefore, sub1A QTL, more accurately sub1B and sub1C as found in other submergence tolerant line could be scored by H2O2 accumulation. So, the sub1A possessing landraces may be more vulnerable to dehydration stress. ROS production causes an inhibited metabolism which could be limiting for the plant to realize its growth under drought stress. The over production of free radical is counterbalanced both by non enzymatic and enzymatic antioxidation pathways (25) . The cv. Swarna Sub1 in the present experiment has proved quite satisfactory in different profiles of in vitro antioxidation modules. In a series of chemical reactivity this genotype is more efficient in the antioxidation of phosphomolybdenum complex, ABTS and DPPH than in its reducing capacity. Through ongoing changes of drought induction and concomitant free radical / ROS accumulation the potential genotypes could over express some special moieties, like the phenolics, . that have the inherent capacity to donate electrons to ROS and neutralise them. Thus, an assay with total phenolics and one of its major derivative flavonoid was carried out in a similar manner for cv. Swarna Sub1 under conditions of water deficit. The gradual increase of these moieties may alleviate the oxidative stress induced in tissues under dehydration (26) . The increase in flavonoids in a compatible manner with in vitro antioxidation parameters would be suggestive of their involvement in neutralising ROS. Flavonoids have an unsaturated nucleus that reduces the ROS by donation of electron (27) . Apart from polyphenolics contributing to non enzymatic antioxidant activity, few non thiol moieties are also important. Glutathione, a tripeptide residue with its involvement in reducing redox is a biomarker for oxidative stress (28) . During de-submergence exposure to high oxygen tension coupled with irradiance leads to photo oxidative damage. The landraces of rice containing the sub1A locus are more prone to elevate the oxidative redox (29) . However, cv. Swarna Sub1 is interesting with its downregulation of GSH. In a reversible cycle of reduced (GSH) to oxidized (GSSG) glutathione, plants are expected to recruit the reducing potential to the bio-molecules. The later is required for stability and native configuration to execute antioxidative responses in enzymatic cascades (30) . Therefore, cv. Swarna Sub1 in the present case might be expected to exhibit greater reducing power as well as to sustain a reduced potential in tissues under dehydration stress. Contextually anthocyanin activity is quite different in its depletion under dehydration stress as found in the present experiment. Unlike other antioxidants, anthocyanin is a carotenoid derivative with infrequent distribution. Besides, taking part in light harvesting complex system anthocyanin could play a role in quenching the ROS with donation of electron from its nucleophilic residues (31) . Submergence with poor diffusion of photosynthetic active radiation might be a bottle neck for light energy acquisition. Therefore, to recruit the efficiency of LHC machineries for more light harnessing the accessory pigment should be over-expressed. However, anthocyanin depletion was the feature under dehydration rather than under submergence. This may be due to its degeneration or/ and non de-novo synthesis of the pigment protein complex. Still, this could be well indexed for cv. Swarna Sub1 sensitivity under dehydration mediated oxidative stress. As a consequence of water stress mediated oxidative damage, cv. Swarna Sub1 has recedes biomolecule degeneration. In a reaction with oxidized peroxylipid radical plants are indexed for their loosening of membrane by lipid hydrolysis. The cv. Swarna Sub1, however, in earlier reports has been claimed to restore it cellular integrity under submergence following de-submergence (32) . Still, this QTL might not maintain such a trait under directly induced dehydration. Thus in the present experiment the same QTL behaved in a discriminating manner to realize the oxidative stress and remained more sensitive under dehydration. In other studies for in vitro antioxidation the plant extract has responded well with phosphomolybdenum reduction activity. This simply, however, indirectly implies the amount of antioxidant with its reducing potential in plant extract for a strong antioxidizing agent (phosphomolybdenum as in present case). The conversion of molybdenum with its high oxidation number to lower by electrophilic reactions of the plant extract is another indication for stress tolerance under dehydration (33) . In fact, sub1A locus has not been well explored with regard to its antioxidation with quiescence strategies. The tissue hypoxity under submergence and it's tolerance by suppression of normal metabolic groups, may lead to some toxic substance as bioproduct. The latter includes free radicals, with more hydroxyl, per hydroxyl residues. In the present study the activities of molybdenum reduction assay and it's strength strongly becomes evidence antioxidant generation in the tissues. The over-expression of antioxidation activities in vitro both by phosphomolybdenum and reducing power assay are significant concerns in establishing the dehydration vis-a-vis oxidative stress tolerance of Swarna sub 1. Therefore, a plant species for it's dehydration tolerance develops compatible solutes first and later, the redox nullifying moieties like antioxidants are the preferred screening indices. With this line of thought cv. Swarna Sub1 may be a step ahead of other landraces of rice. Cultivar Swarna Sub1 has also been recommended for its partial tolerance to salinity induced dehydration stress recovery. Still, the present experiment deals with only dehydration mediated oxidative stress and it's recovery as expressed by sub1A QTL (34) . With the understanding of plant response through reactive oxygen species lysis or sequester studies the source of it could be relevant to consider. In rice the predominant ROS biosynthetic enzyme, NADP(H) oxidase with it's different activities, molecular variants are reported for sensitivity of oxidative stress (35) . In vitro analysis of NADP(H) oxidase activity in cv. Swarna Sub1 appeared as highly significant to dehydration stress with a marked overexpression against control. Therefore, plants bear a synergistic system of both development of ROS generation and it's consecutive quenching. NADP(H) oxidase activity over the control and all through the days of treatment was also collaborated in a similar manner with antioxidation cascades as evident from in vitro antioxidation components. This refers strongly to sub1A QTL for its sensitivity, in non-degenerative modules under dehydration stress. In turning to stable antioxidants and it's cooperativity with enzymatic antioxidant cv. Swarna Sub1 recorded more variability as it progressed through dehydration stress. Thus, the lysis of O2.
to which the plants are more sensitive with SOD activity was significantly higher as compared to control. Therefore, sub1A might have overcome the initial thrust of ROS by a stable performance of SOD activity. Still, plants recorded some more inconstant activities to minimize the effects of H2O2. H2O2 in general is tolerated by plants within cellular threshold and utilises it as inducer for different reactions (36) . With the assumption sub1A QTL has an extended range of tolerance to H2O2 and thereby recorded no increase for H2O2 lysing cascades. This is evident from a stable, but suppressed activity by both GPX and CAT activity. In the interaction of ethylene mediation for sub1A QTL, in quiescence pathways, H2O2 is an interfering agent. In rice, the biosynthesis of ethylene and it's transduction over cellular compartments is also hampered by H2O2 induced oxidation and channel proteins. Cultivar Swarna Sub1 might have moderated the biosynthesis of H2O2 and no impairment of quiescence mechanism of ethylene is realized (37) .
Conclusion
The present paper is a piece of preliminary documentation where sub1A QTL recorded few antioxidation responses under constant dehydration stress. A significant variation in antioxidative cascades through upregulation of both enzymatic and non enzymatic activities was the feature of dehydration responses. In the modules of in vitro antioxidation, plant extract had biomolecules with thepotential to minimize the oxidative damages as well as protection through chelation of ROS. Moreover, as compared to control, the cultivar had the efficiency to minimize the oxidative damages through its enzymatic activities for reduction of ROS. Therefore, sub1A QTL may be expected to follow the same pattern to combat the post submergence mediated oxidative stress as evident from the study. 
